, differing for the presence of the high grain protein gene Gpc-B1 have been developed and released by Montana State University and Westbred LLC. These lines may serve as a source of increased grain protein for hard red and hard white spring wheat breeding programs and provide materials to investigate the effects of Gpc-B1 in high protein wheat backgrounds.
The Gpc-B1 allele was originally introgressed into hexaploid wheat from T. turgidum ssp. dicoccoides (Mesfi n et al., 1999) and has resulted in an average increase in grain protein of 14 g kg -1 in several wheat backgrounds (Mesfi n et al., 1999; Chee et al., 2001) . Gpc-B1 is also associated with accelerated leaf senescence in some genetic backgrounds (Uauy et al., 2006a) . Gpc-B1 has recently been cloned and shown to act as a transcription factor regulating senescence (Uauy et al., 2006b ).
Methods
The donor parent for Gpc-B1 in our crosses was hard red spring wheat 'Glupro' (PI 592759), which contains a translocation whereby a portion of the short arm of chromosome 6B of hexaploid wheat is replaced by the Gpc-B1 segment from T. turgidum ssp. dicoccoides (Mesfi n et al., 1999) . A total of six backcrosses was made to introduce the Gpc-B1 allele into four hard wheat backgrounds. These included hard red spring wheat cultivars McNeal (Lanning et al., 1994) , Choteau (Lanning et al., 2004) , and Hank (developed by Westbred LLC, Bozeman MT). Hard white spring wheat cultivar Explorer (Lanning et al., 2002) was also used as a recurrent parent. Polymerase chain reaction (PCR) markers (NorB2) were used to select F 1 progeny with the T. turgidum ssp. dicoccoides segment at each backcross and to select homozygous BC 6 F 2 near-isogenic lines (NILs) with and without Gpc-B1 after the fi nal backcross (Khan et al., 2000 Each pair descended from a single plant of the recurrent parent used in the fi nal backcross. One member of the pair was homozygous for the presence of Gpc-B1, and one member was homozygous for its absence. The pairs were planted in adjacent plots in the fi eld trial. Also included in the trial was a single plot representing the recurrent parent. The donor parent, Glupro, was not grown. Analysis of variance was conducted using Proc ANOVA in SAS (SAS Institute, 2004) . Paired t tests were conducted using means for the NILs combined over all recurrent parents to test the mean effect of Gpc-B1.
Characteristics
Near-isogenic lines derived from Explorer containing (n = 7) and not containing (n = 7) Gpc-B1 had mean grain protein concentrations of 144 and 137 g kg -1 (P < 0.001), respectively, in 2005 rows grown for seed increase. Near-isogenic lines derived from Hank containing (n = 8) and not containing (n = 11) Gpc-B1 had mean grain protein concentrations of 139 and 141 g kg -1 , respectively (P = 0.12), in 2006. Near-isogenic lines derived from McNeal containing (n = 7) and not containing (n = 7) Gpc-B1 had grain protein concentrations of 148 and 133 g kg -1 , respectively (P < 0.0001), in 2006. Near-isogenic lines derived from Choteau containing (n = 3) and not containing (n = 3) Gpc-B1 had mean grain protein concentrations of 151 and 141 g kg -1 , respectively (P < 0.05), in 2006. A stripe rust infestation caused by Puccinia striiformis Westend. occurred in 2006. McNeal and Choteau NILs that did not contain Gpc-B1 were scored as susceptible (>50% of the fl ag leaf was infected with rust), while NILs containing Gpc-B1 were scored as resistant (<10% of the fl ag leaf was mg d 1 0 6 I F A F S 2 6 5 1 5 0 2 H a n k * 7 / G l u p r o P r e s e n t 1 5 4 4 3 2 9 3 6 . 8 3 0 . 0 1 0 6 I F A F S 3 6 5 1 5 0 3 H a n k * 7 / G l u p r o A b s e n t 1 5 6 4 0 2 0 3 6 . 7 3 0 . 3 2 06IFAFS16 651504 Hank*7/Glupro Present 154 4020 37.5 30.0 2 0 6 I F A F S 1 7 6 5 1 5 0 5 H a n k * 7 / G l u p r o A b s e n t 1 5 1 4 4 8 9 3 7 . 1 3 0 . 3 3 0 6 I F A F S 2 6 6 5 1 5 0 6 M c N e a l * 7 / G l u p r o P r e s e n t 1 6 6 3 1 9 6 2 9 . 7 2 6 . 7 3 0 6 I F A F S 2 7 6 5 1 5 0 7 M c N e a l * 7 / G l u p r o A b s e n t 1 5 0 3 5 9 8 3 1 . 2 2 8 . 0 4 0 6 I F A F S 3 6 6 5 1 5 0 8 M c N e a l * 7 / G l u p r o P r e s e n t 1 6 1 4 1 2 0 3 1 . 9 2 7 . 3 4 0 6 I F A F S 3 7 6 5 1 5 0 9 M c N e a l * 7 / G l u p r o A b s e n t 1 5 3 4 4 3 5 3 4 . infected with rust). These varieties are known to be susceptible to stripe rust (Lanning et al., 1994) , and the T. turgidum ssp. dicoccoides segment containing Gpc-B1 also contains stripe rust resistance gene Yr36 (Uauy et al., 2005 Table 2 compares mean performance of the NILs differing for the presence of Gpc-B1 averaged over all four recurrent parents. Presence of Gpc-B1 signifi cantly raised grain protein (P < 0.01), decreased kernel weight (P < 0.05), and shortened the number of days from heading to glume senescence (P < 0.01). Differences among the NILs for grain yield were not signifi cant (P = 0.14). Stripe rust infestation did not occur in the 2007 trial.
In summary, the presence of the chromosome segment from T. turgidum ssp. dicoccoides containing Gpc-B1 resulted in increased grain protein in three hard-textured spring wheat backgrounds and had little effect in one background. The introgressed segment conferred stripe rust resistance for two susceptible recurrent parents, presumably due to the presence of Yr36. Backcross-derived lines containing Gpc-B1 tended to have reduced kernel weight and earlier senescence.
Availability
Limited quantities of seed (5 g) of each near-isogenic line are available on request from the corresponding author for 5 yr. Recipients of seed are asked to make appropriate recognition of the source of genetic stocks if they are used in the development of a new cultivar, germplasm, parental line, or hybrid. 
